In this study, the performance of two on-site oral fluid drug-testing devices, DrugWipe 5 + (Securetec) and Rapid STAT (Mavand), was assessed. The results obtained by the devices were compared with gas chromatography-mass spectrometry confirmation analysis results in oral fluid. Sensitivity, specificity, and accuracy of the tests, as well as positive and negative predictive values, were calculated based on the classified results of the comparison. Both of the devices were evaluated for their ability to meet toxicological cutoffs as set in the DRUID project (www.druid-project.eu) as well as those reported by the manufacturers. The evaluation was performed for relevant drug groups of both devices: amphetamines, cannabis, cocaine, and opiates. Additionally, Rapid STAT has a test for benzodiazepines included in the same device. Both tests seemed to perform quite well for amphetamines although they also gave negative results for cases with high concentrations. Also, the benzodiazepine test of Rapid STAT was at a relatively good level although only half of the positive test results were true positives using the test cutoffs. The same phenomenon was detected for the cannabis tests of both devices. The proper evaluation of cocaine and opiates tests was not applicable because of the very low number of positive cases.
Introduction
Driving under the influence of drugs (DUID) is known to be a serious threat to public health and road traffic safety. In the past, selective police enforcement on suspected drugged drivers has been performed in a limited number of EU member states, mostly using urine-based screening devices. The experiences of the police have shown that performing on-site urine screening is very complicated at the roadside, often potentially intrusive or vulnerable to adulteration. In addition, a positive urine test may indicate exposure to a drug several days previously since the analytes accumulate in urine. Detection of drugs in oral fluid (OF) indicates more recent drug use and this matrix is suitable for inexpensive, noninvasive, and easy-to-use diagnostic aids for the detection of the illicit use of drugs (1, 2) . Onsite screening for drugs of abuse in OF provides a relatively quick and increasingly effective means of detecting if a motorist has consumed drugs or medicines that are of concern to traffic safety. Nevertheless, a positive OF on-site screening result can only be interpreted as a possible indication of drug use rather than definitive proof.
Correlations between presence of drugs of abuse in OF and pharmacological and physiological effects have been reported (3, 4) . The state of impairment of a drug user is related to the physiologically active fraction of the substance in question. Only the free, physiologically active, component of a drug is transferred from blood to OF. In whole blood many drugs are highly bound to blood proteins and this fraction of the drug is physiologically inactive (5, 6) . Weakly basic drugs, on the other hand, are detected in OF in higher concentrations than in blood. This results from the relative acidity of OF compared to plasma and consequent ion trapping (7, 8) . For many drugs, transfer of the free component from blood to OF occurs via simple passive diffusion (1), although transfer is affected by various factors such as salivary pH and the characteristics of the drug (e.g., acidic or basic, lipid solubility). Thus the presence of a substance in OF may correspond to its presence in blood (9) and OF is a potential alternative matrix as a confirmation sample for toxicological analysis. However, knowledge concerning the OF/blood ratios for drugs remains incomplete and results of previous comparisons of blood and OF analyses vary quite widely (10) . Nonetheless, in the Rosita-2 project, which evaluated the usability and analytical reliability of on-site OF drug testing devices in [2003] [2004] [2005] , a comparison of results from laboratory analyses in OF and blood concluded that OF is a good screening fluid for the presence or absence of amphetamines, cannabis, cocaine, and opiates in blood (11).
In this publication, the reliability of two on-site OF screening devices, DrugWipe 5 + (Securetec Detektions-Systeme AG, Munich, Germany) and Rapid STAT (Mavand Solutions GmbH, Mössingen, Germany), is evaluated by comparing the laboratory OF results with those of the device. In addition to the Rosita-2 project (11) and the preceding Rosita project (12) , the performance of DrugWipe devices has been evaluated in several studies (9, (13) (14) (15) (16) (17) (18) (19) (20) (21) . These evaluations were based on widely varying study protocols, (e.g., there were some differences in result interpretation and a large variation in the number and/or type of cases/samples tested). There are hardly any evaluations (22) for Rapid STAT since it is a relatively new OF screening device. This study was produced under the on-going EU project Driving under the Influence of Drugs, Alcohol and Medicines (DRUID).
Methods

Sample collection
Altogether 221 subjects participated in the study on voluntary basis. An ethical approval for the study was obtained from the coordinative ethical committee of the Hospital District of Helsinki and Uusimaa, Finland. A written consent was obtained from all of the participants. A total of 136 subjects were tested with the DrugWipe 5 + and 132 with the Rapid STAT. Subjects were recruited from real police DUID cases (n = 58), a roadside study (n = 83), a rehabilitation clinic (n = 21) and the personnel of the Drug Analytics Unit (n = 59).
An OF sample was collected from all the subjects for confirmation analysis. Participants suspected of DUID were taken to the Police Surgeon Station for blood sampling and clinical evaluation by a physician as part of normal police procedure. The on-site tests and collection of the OF samples were performed by the police officer or by the physician. For the nonsuspected drivers or the laboratory personnel, the screening tests and OF sample collection were conducted by researchers for the DRUID project. Clinic nurses tested the subjects and collected their OF samples at the rehabilitation clinic. All OF samples were frozen (-20°C) until analysis.
For OF collection, the Saliva •Sampler (StatSure Diagnostic Systems, Framingham, MA) device was used. This device was chosen for sample collection based on a previous study (23) . The device consists of an absorptive cellulose pad with a volume adequacy indicator and a plastic tube containing buffer solution. The window of the stem turns blue when 1 mL of OF is collected.
When collecting the sample, OF is first allowed to gather in the mouth. The collection pad is placed under the tongue and removed when the indicator window has turned completely blue. The pad is then placed into the collection tube. In the laboratory, the collection pad is disconnected from the stem and dropped to the bottom of the tube, and a filter is inserted into the tube to recover the OF-buffer solution.
On-site screening devices
Both devices are lateral flow immunoassays in which each analyte is represented by a separate line in the test window.
The Substances analyzed and cutoffs All OF confirmation samples collected for the study were analyzed for a range of substances. The substances analyzed and the corresponding cutoffs are presented in Table I . These cutoffs were set for a separate epidemiological study within the DRUID project. They are typically lower than the screening device cutoffs (e.g., ∆ 9 -THC) or at an equivalent level (e.g., amphetamines). These cutoffs were set to allow optimal detection of positive DUID cases for all countries involved in the project. The drug screening performance of the devices were therefore evaluated against these DRUID cutoffs as well as the manufacturers stated cutoffs.
Analytical methods
The StatSure Saliva•Sampler collection device is designed to collect 1 mL of OF, and the device also includes 1 mL of a buffer solution. Therefore, the concentrations of substances found in the OF sample were determined using a calibration curve, which was based on the assumption that the OF-tobuffer ratio is 1:1. The standards used for the calibration curve were adjusted accordingly. In reality, the amount of collected OF in the device will vary to some extent. This can be because of intrinsic variation in the collection volume when the indicator turns blue or, for example, if the subject is unable to provide a full 1 mL of OF due to a dry mouth.
Thus, it was necessary to adjust the concentration of analyte determined in analysis according to the actual volume of collected OF. This was calculated using the following formula (Eq. 1):
wherein w -= average weight of empty StatSure device; w = weight of sample and StatSure device; C uncorrected = uncorrected concentration of analyte; and C corrected = concentration of analyte corrected for volume of oral fluid collected. The density of the buffer-OF mixture was assumed to be 1 g/mL for this adjustment.
Samples were prepared by taking 1 mL of thawed sample (OF + buffer) for analysis. Standards for analysis were made by spiking 0.5 mL of blank OF with stock solution containing all analytes. For the standards preparation, blank OF was collected from laboratory personnel, frozen and thawed. Deuterated analogues of the analytes were used as internal standards. Standards were prepared by adding 0.5 mL of StatSure buffer to 0.5 mL standards in OF.
Analysis of illicit and medicinal drugs was carried out using gas chromatography-electron impact ionization-mass spectrometry (GC-EI-MS) or GC-negative chemical ionization (NCI)-MS. A full description of sample preparation and analysis and validation results were published previously (24) .
The laboratory participated in an OF external quality control program organized by RTI International (Research Triangle Park, NC) for all the DRUID project toxicology laboratories. Based on the results the performance of all the OF analytical methods was at an excellent level (25) .
Interpretation of screening test results
Based on the GC-MS confirmation results of the OF samples and the DRUID cutoffs, the results were classified as true positive (TP), true negative (TN), false positive (FP), and false negative (FN).
Using these classifications, several parameters for the evaluation can be calculated, namely sensitivity, specificity, accuracy and prevalence. Also, positive predictive value (PPV) and negative predictive value (NPV) were calculated according to the Bayesian method. The equations used in these calculations are presented in Table II .
For PPV and NPV calculations, the prevalence of the substances in question among the DUID suspected population in Finland in the year 2008 were used. These were taken from the database of the Drug Analytics Unit. Altogether 4419 cases were investigated in that year. It should be noted that these prevalence values were calculated from blood sample results and are not based on OF. The most common findings were sleep-inducing and sedative substances 59% and amphetamines 56%. Other findings were cannabis 20%, methamphetamine 8.0%, morphine 0.9%, and cocaine 0.7%.
Evaluation of results
The devices included in this study were evaluated according to two sets of criteria. The first criteria were the DRUID cutoffs for the relevant substances (Table I) . For this evaluation, each test result was interpreted as TP, TN, FP, or FN according to the concentration of the individual substances detected in the confirmation sample. So, for example, with an amphetamines test detecting amphetamine, methamphetamine, MDA, and MDMA, the investigated case was interpreted as TP if any of the detected substances was found at a concentration above the relevant DRUID cutoff value (25 µg/L in OF for each substance). However, a positive test case for which concentrations of, for example, both amphetamine and methamphetamine were found at a level only slightly lower than the DRUID cutoff (i.e., both only just below 25 µg/L) would be interpreted as FP. Thus, no cross-reactivity was taken into account.
The second set of criteria was the cutoffs and cross-reactivities of the devices claimed by the manufacturers. For both devices, the manufacturers provided information regarding the "cutoff" concentrations for substances at which the device could be expected to give a positive result (Table III) .
Table II. Equations Used for the Device Performance Evaluation
In reality, the presence of two or more substances, both relevant to a specific test (e.g., amphetamines) can give rise to cross-reactivity, wherein the "combined" concentration of the two substances is sufficient that it can be expected to give a positive result for the test. However the individual concentrations at which each substance alone is expected to give a positive result can differ within each drug group; therefore the combined concentration is not a straightforward sum of each relevant substance concentration, rather it is necessary to take the individual cutoffs for each analyte into account when calculating the combined concentration. This can be done by means of a cross-reactivity equation. For example, Table IV shows the cutoffs and resultant cross-reactivities for the DrugWipe amphetamines test.
The combined concentration of analytes for this example (cf .  Table IV) 
Results
DrugWipe 5 +
The results of the test evaluation are shown in Table V . Amphetamine-type stimulant drugs. Altogether 38 cases (28%) had amphetamine-type stimulants (ATS) detected in their OF. Amphetamine was found in all the cases that were positive for ATSs. The concentration range for amphetamine was 231-82 500 µg/L. Methamphetamine was found in 11 cases (8.1%) for which the range was 42.6-36,700 µg/L. In one case, MDA (281 µg/L) and MDMA (4850 µg/L) were found in addition to amphetamine. MDEA was not found in any of the samples.
The combined concentration of the relevant analytes for the DrugWipe 5 + amphetamines test, directly comparable to the manufacturers stated cutoff for the target compound amphetamine, was calculated using the equation presented in the section Evaluation of results.
There were five FN cases, all of which contained only amphetamine from the ATS group. The concentration range for these five cases was 244-3620 µg/L. This concentration range is clearly a lot higher than both the DRUID and manufacturer cutoffs, but still relatively low in comparison to the overall range of concentrations found for amphetamine. The ATS concentration, taking into account cross-reactivity, for more than 80% of the TP cases was higher than 3620 µg/L (the maximum amphetamine concentration found in the FN cases). There were also 5 FP cases observed, each of which contained no ATS drugs.
Cannabis. There were 21 (16%) cases which were ∆ 9 -THC positive in the OF sample, the concentration range was 1.31-2020 µg/L. Only ∆ 9 -THC was measured in the study hence no cross-reactivity was taken into account.
There were 12 FN cases according to the DRUID cutoff. The concentration range found in these cases was 1.31-209 µg/L. For comparison, the corresponding range for 9 TP cases was 2.02-2020 µg/L. It appeared that there was no clear distinction in concentration between the cases that tested ∆ 9 -THC negative and those that tested positive.
The manufacturer launched a new version of the DrugWipe 5 + test with an enhanced test strip for cannabis during the testing period. In this study, 12 tests with the improved cannabis test strip were made. All of the cases tested negative for cannabis. However, one case contained 6.38 µg/L of ∆ 9 -THC. Opiates. Two opiate positive cases were detected. One contained 15.9 µg/L of morphine and 2.47 µg/L of the heroin metabolite 6-AM. Another OF sample contained 105 µg/L of codeine.
The combined concentration of the relevant analytes for the DrugWipe 5 + opiates test, directly comparable to the manufacturers stated cutoff for the target compound morphine, was calculated using: c(opiates) = 100% c(morphine) + 100% c(codeine) + 100% c(ethylmorphine)
When interpreting the device result according to the test cutoff, both of the cases were FN. When utilizing the DRUID cutoff (20 µg/L, slightly higher than the test cutoff), the morphine-positive case was interpreted as TN and only the codeine case was FN.
Cocaine. None of the cases were found to contain cocaine or the metabolite benzoylecgonine. All of the cases were screened as negative with the DrugWipe 5 + test. For a small number of cases (n = 9) the analysis for benzoylecgonine was not successfully completed. Cocaine was analyzed separately from benzoylecgonine, and no trace was found in these samples. Nonetheless, they have not been included in the specificity, accuracy, and prevalence calculations.
Rapid STAT
The results of the test evaluation are shown in Table VI .
Amphetamine-type stimulant drugs. Altogether 27 cases (22%) were positive for ATSs. All of these positive cases contained amphetamine. The concentration range for amphetamine was 231-44,700 µg/L. Methamphetamine was found in four cases (3.1%), with the concentration range of 816-36,700 µg/L. MDA, MDMA, or MDEA were not found in any of the samples. The test cutoff for both amphetamine and methamphetamine tests is There were only four positive cases (3.1%) for methamphetamine. Four negative cases also gave a positive result for methamphetamine with the test. Three of these FP cases contained very high concentrations of amphetamine (44,700, 21,000, and 15,300 µg/L). The manufacturer of the device has reported 1000 µg/L of amphetamine to be the highest concentration that has not showed cross-reactivity. Hence, it can be speculated that these three false positives are a result of high amphetamine concentrations, although the manufacturer does not report amphetamine as a cross-reacting compound for the Rapid STAT methamphetamine test.
Cannabis. Altogether 19 cases (14%) were positive for ∆ 9 -THC. The concentration range for these positive cases was 1.5-2020 µg/L.
There were 6 FN cases according to the DRUID cutoff. The concentration range of these cases was 4.65-2020 µg/L. For comparison, the corresponding range for the 13 TP cases was 1.52-470 µg/L. Again, similarly to the results observed for the DrugWipe 5 + test, the range of ∆ 9 -THC concentrations which can give a positive test result is not distinct from that which gives a negative screening result. The largest FN concentration (2020 µg/L), although not typical, was alarmingly high.
Opiates. Three positive opiate cases were identified. In two of these cases, codeine was the only opiate found (107 µg/L and 105 µg/L). In the third case, the findings were morphine (30.4 µg/L), codeine (1490 µg/L), and buprenorphine (8.8 µg/L). All three cases were tested positive with the Rapid STAT device.
The combined concentration of the relevant analytes for the Rapid STAT opiates test, directly comparable to the manufacturers stated cutoff for the target compound morphine, was calculated using: c(opiates) = 100% c(morphine) + 50% c(6-AM) + 333.3% c(codeine)
Cocaine. None of the cases included in the study contained cocaine or benzoylecgonine. All the cases tested negative with the Rapid STAT device. Similarly, as for the Drugwipe 5 + results the analysis for benzoylecgonine was not successfully completed in a small number of cases (n = 12). No trace of cocaine was found in these samples. They have not been included to the specificity, accuracy and prevalence calculations. Benzodiazepines. Altogether there were 37 cases (28%) which had benzodiazepines in their OF samples (according to the DRUID cutoffs). The most common benzodiazepine findings are shown in Table VII . The device's benzodiazepine test failed for three of these positive cases.
Both of the substances lorazepam and midazolam were found twice, from four different samples. Concentrations for these cases were 1.6 and 44.7 µg/L lorazepam and 12.8 and 47.8 µg/L midazolam.
The combined concentration of the relevant analytes for the Rapid STAT benzodiazepine test, directly comparable to the manufacturers stated cutoff for the target compound oxazepam, was calculated using: There were several cases in which benzodiazepines were found below the DRUID cutoff values. Very low concentrations of oxazepam and diazepam were detected in 12 and 11 cases, respectively. Temazepam was found at very low levels in four cases. Lorazepam and chlordiazepoxide were detected in one case each. However, in all but one case other benzodiazepines were detected at levels above the DRUID cutoffs. There were 11 FN cases according to the DRUID cutoffs. The concentrations confirmed in these cases were not substantially lower than in TP cases. Consequently, no real separation of low and high concentrations was found between the cases that tested negative or positive. Only two cases were interpreted as FN when the test cutoff and cross-reactivity calculations were used.
Discussion
Compared with the results obtained for the DrugWipe 5 in the Rosita-2 project (11), the sensitivity and specificity of the DrugWipe 5 + amphetamines test were approximately at the same level according to this study. In the context of cannabis related ∆ 9 -THC screening, the results of DrugWipe 5 + obtained in this study have somewhat improved from those presented for the DrugWipe 5 in the Rosita-2 project (11). Sensitivity increased from about 34% to 43%, whereas specificity remained at approximately the same level (92% in Rosita-2, and 96% in this study). The sensitivity of the DrugWipe devices for both the amphetamines and cannabis tests did not reach the values obtained in our previous study based on OF confirmation samples (21) and in a study based on blood confirmation samples by Wille et al. (22) . In contrast, the specificity of both tests seemed to be at the better level. Unfortunately, it was not possible to properly evaluate the cocaine and opiates tests due to the low prevalence of these substances in Finnish traffic. There is a need for more evaluations of the performance of the Rapid STAT device to allow such a comparison as presented above. In this study, neither of the devices met the very strict criteria set in the Rosita 1 project (12): sensitivity and specificity should exceed 90% while accuracy should exceed 95%.
There were 12 FP cases for ∆ 9 -THC screening with the Rapid STAT device at the DRUID cutoff (1 ng/mL), from which only one contained any findings at all for the drug in the OF sample. The possibility exists that the microfiber collection stick employed by this device was so efficient that no drug was left for the OF confirmation sample collection that normally would have occurred after the screening. However, the authors contend that this is probably not the case because the Rapid STAT instructions of use are to collect the sample by brushing around the gums and cheek area of the mouth, whereas the cellulose pad of the Saliva • Sampler is placed under the tongue. Furthermore, in eight of the relevant cases a DrugWipe 5 + test was also performed prior to the Rapid STAT test and in only one instance was this also positive for ∆ 9 -THC, although the lower sensitivity of this device, as found in this study, should not be forgotten. Without further knowledge of the immunological assay used in the device for ∆ 9 -THC, the authors are unable to conjecture as to the reasons for such a relatively high number of FP cases, except to mention the generally problematic nature associated with screening for this drug.
The DrugWipe evaluation results of this study and the Rosita-2 project are readily comparable for amphetamines and cannabis tests: cutoffs employed in this study (DRUID) and the Rosita-2 project for amphetamines are similar while the cutoff for ∆ 9 -THC has decreased from 2 to 1 µg/L between the successive EU projects. Corresponding Rosita-2 cutoffs were also employed in our previous study (21) , whereas comparison to the results presented by Wille et al. (22) is merely suggestive due to the different matrix and cutoffs used for confirmation analysis. In addition, the number of cases evaluated for each substance group was rather limited (usually less than 50, and varies depending on the device and even for the individual tests comprised within a device) in this latter study (22) .
From the Finnish point of view, it would be desirable to find an on-site screening device that could reliably detect the use of amphetamines and benzodiazepines in particular. The use of either or both of these substance groups is confirmed in the vast majority of suspect DUID cases in Finland. Benzodiazepines and amphetamines have been the most prevalent substances (76% and 46%, respectively) in suspect DUID cases in Finland in the period 1977-2007. Based on this register-based study, it seems likely that amphetamines will become even more prevalent than benzodiazepines (26) . Also, an appropriate test for ∆ 9 -THC must not be forgotten since 20% of the suspected DUID cases in Finland in 2008 show signs of the previous use of cannabis. Perhaps unsurprisingly, the aforementioned substance groups are also common findings in DUID cases in the other Nordic countries (27) . It must be noted that the DrugWipe devices have already been in regular use by the Finnish police for several years, and the police officers have been mainly satisfied with the operability of the device.
Conclusions
Regarding the results for sensitivity, specificity and accuracy both tests seem to perform quite well for the ATS drugs, although the sensitivity of the Rapid STAT test is only moderate. Nonetheless, it is evident that both screening devices can give negative results for cases that contain concentrations of hundreds or even thousands of µg/L of ATS drugs. In addition, the DrugWipe 5 + device also produced a positive test result for some cases that contained no ATSs at all, which is not acceptable.
The performance of the benzodiazepine test of Rapid STAT seems to be at a relatively good level already if sensitivity, specificity, accuracy, PPV, and NPV are criteria for test performance. However it should be noted that out of all the positive test results only half were TP when test cutoffs were used as a reference point. Unfortunately, the same phenomenon can be seen for the Rapid STAT cannabis and methamphetamine tests as well as for the cannabis test in the DrugWipe 5 + device. This is definitely not acceptable for an on-site device. There would seem to be a lot of development work still ahead on detection of these drug classes for the Rapid STAT test. As previously mentioned the manufacturer of the DrugWipe launched a newer version of DrugWipe 5 + with an enhanced test strip for cannabis during the study. The results from Wille et al. (22) , in which the newer device was evaluated (personal communication with Securetec Detektions-Systeme AG, manufacturer of DrugWipe 5 + ), already appear to be better than in this evaluation; however, as was already discussed, the results are not di-rectly comparable becasue their evaluation was made using blood as a confirmation sample.
Unfortunately, the number of positive cases for cocaine and opiates was very low, which made sensitivity calculations not applicable. However, both devices achieved very good results for specificity for these substance classes.
